budget of any organization. 2 Hospital stays are often prolonged because of the need for IV antibiotic therapy. 3, 4 Most antimicrobial agents are given intravenously in hospitalized patients, and some conditions require prolonged courses of treatment. 4 For example, infective endocarditis, osteomyelitis, and cellulitis typically require three to six weeks of IV antibiotics. 4, 5 Home IV antibiotics are also given to AIDS patients to treat cytomegalovirus retinitis, with considerable cost-saving compared to in-hospital stays. 6 Other conditions treated on an outpatient basis with success include Lyme borreliosis, urinary tract infections, community-acquired pneumonia, septic arthritis, sinusitis, abdominal abscesses, and pyelonephritis. 7, 8 It has been proved that these programs are safe and effective and have clinical outcomes equivalent to in-hospital care. 1, 7, 9, 10 Furthermore, many institutions worldwide have adopted these programs as a cost-effective alternative to inhospital therapy with a better quality of care. 1, 3, 4, 7, 9, 10, 11 The King Abdulaziz Medical City (KAMC) Home Health Care Department (HHC) started a Home Intravenous Antibiotics Program as part of the HHC program in 2005 for National Guard-eligible patients to minimize the duration of hospital stay and the cost associated with IV antibiotic therapy. To our knowledge, there is no national (local) data assessing the efficacy of any similar programs in terms of cost reduction and safety, even though this program has been implemented in other private and governmental hospitals in Saudi Arabia. Therefore, this retrospective study was aimed at evaluating patient acceptance, the dropout rate, efficiency, safety, types and rates of complications, most frequently used antibiotics, and the most frequently encountered diagnoses in a tertiary hospital in Saudi Arabia.
METHODS
This study was based on a retrospective chart review of all patients enrolled in the KAMC HHC IV antibiotic Program from 1 May 2005, (the start of the program) until 30 December 2007. Before patients were enrolled in the program, they were evaluated by an infectious disease specialist for clinical stability and to establish the proper antibiotic options, treatment plan, and duration of therapy. They were then evaluated by a clinical pharmacist for dosing adjustment, drug interactions, and drug level monitoring, if necessary. Other preconditions that needed to be met included clinical stability, the absence of acute psychiatric disorders, good family support, home telephone facilities, and residence within 50 km of the hospital.
All the patients who enrolled in the program stayed in the hospital for at least 48 hours and received the recommended antibiotic for at least 24 hours to check for anaphylactic manifestations and to ensure suitable vascular access. Peripherally inserted central catheters (PICC) were mandatory if IV antibiotics were to be used for more than 7 to 10 days. For shorter antibiotic courses, peripheral vascular access that was changed every third day was considered adequate. All PICC lines were inserted by an interventional radiologist. During the stay in the hospital, a home health care nurse interviewed the patient, explained the goals of the program and instructed the patient and/or his caregiver on how to care for the vascular access site. After discharge from the hospital, a nurse from HHC visited the patient daily until discharge from the program. The nurse determined whether a visit by a HHC primary care physician was needed. Vascular access was managed as per CDC recommendations for maintenance of vascular access guidelines. All peripheral vascular access devices were routinely changed every third day. The nurse reported any concerns or problems encountered during the therapy to either the program-assigned physician or to the infectious disease consultant responsible for the overall management and treatment plan of the patient. The enrolled patients were observed for adverse drug reactions, such as nephrotoxicity, allergic reactions, and venous access complications, including phlebitis, leakage, line fracture, blockage, line slippage exit site redness, pain, and discharge.
In addition to the general demographic characteristics of the participants, such as age and gender, we collected data about the site of infection, the clinical diagnosis, the isolated microorganisms, the type of antibiotics given, the duration, complications encountered, hospital readmissions during the treatment period and after discharge, and the type of venous catheterization. Only the microbiological results for the samples obtained before the initiation of the antibiotic regimens that the patients were given at the time of discharge were included in the analysis. The outcome measures evaluated included the relapse rate, failure rate, and safety of the program (determined by the number of line infections (using the CDC definition of central line infection and the central line infection rate per 1000 catheter days) and the number of readmissions due to complications related to IV home antibiotics). Ethical approval was obtained for the study from the research center. All data were analyzed using SPSS for Windows, version 13.0 (SPSS Inc., Chicago, IL).
RESULTS
There were 155 patients enrolled in our program between 1 May 2005, and 30 December 2007. Of these patients, three dropped out of the program, one because of travel outside of Riyadh and the other two for no documented reasons. Data on these patients were presented, but were not included in the calculation of the complication rate, including the infection rate. The intended course of treatment in two of these three patients was 21 days, but they completed seven and 12 days. Both had PICC lines that were removed without apparent complications. The third patient had a peripheral vascular access site and completed nine days out of an intended 10 days. Ninety-four (61.8%) patients were male, and the mean age of the patients was 52.8 (23.9) years. Fourteen patients (9%) were less than 14 years old, which was the age limit for pediatrics in our institution, and 38 (25%) patients were older than 70 years of age. The mean (SD) duration of IV antibiotic treatment was 20.6 (17) (range, 1-150). A PICC line was used in 130 (86%) patients, while peripheral vascular access was adequate in 22 (14%) patients.
Osteomyelitis was the most frequently encountered diagnosis (65 patients, 42.8%), followed by urinary tract infection (UTI; 36 patients, 23.7%), and respiratory infection, including pneumonia and bronchiectasis, (16 patients, 10.5%). Soft tissue infections, including cellulitis and diabetic foot, were the diagnoses in 22 (14%) patients, and more than one diagnosis was present in 17 patients (Table 1) .
A total of 167 microbiological specimens were sent to the laboratory for culturing. Of these, 137 (82%) were positive and 30 (19.7%) were negative. Gramnegative organisms were the most commonly isolated bacteria (86 samples isolates), while gram-positive organisms were present in 44 isolates. Mixed grampositive and gram-negative bacteria were present in 18 samples, while fungi were isolated in eight specimens (Table 2) . Cephalosporins were the most widely used antibiotics, with cefepime and ceftriaxone being the most commonly prescribed. Meropenem was the second most widely used antibiotic. Combination antibiotics were the third most commonly used regimens, with clindamycin and ceftriaxone being the most widely used. Amphotericin B was the main antifungal antimicrobial drug used (Table 3) .
The total number of home visits to all patients was 348 during the study period; 68 patients received three visits per day (antibiotic administrated thrice daily), while 60 received two visits per day, and 24 patients received one visit per day. One hundred and thirty-one patients (86%) completed the intended duration of therapy, while the therapy was changed from the initial plan for 21 (13.8%) patients. Ten patients dropped out due to drug or device complications, while six dropped out due to complications not related to drugs or devices. Other reasons for failure to complete therapy are outlined in Table 4 . Three patients refused to continue in the program after starting (one because of travel outside of Riyadh, while the reasons were not documented for the other two), and one was taken out of the program because of security concerns. These patients were not included in the final calculation of the infection rate. No access complications were recorded for any of them. The primary physician changed the route from IV to oral or discontinued therapy before completion of the targeted duration in two patients (Table 4) . Complications related to PICC lines occurred in five patients. There were two blocked lines, one exit site infection, one case of bleeding from a site, and one case in which the access was accidentally removed by the patient. There were four patients with new onset fever during therapy. All four patients were eventually admitted and had the vascular access device removed. There were five antimicrobial-related complications. A worsening renal profile was seen in two patients, and skin rash was seen in an additional three patients, all of whom were being treated with piperacillin-tazobactam. There was one sudden death at home. No clear diagnosis was given. Readmission to the hospital during therapy was required for 13 patients (8.5%). The reasons were worsening clinical condition in three patients, PICC linerelated complications in four patients, new onset fever in four patients (three had PICC line complications and one had a new fever due to a UTI), adverse drug reactions in five patients, and suspected pulmonary embolism in one patient. The PICC line infection rate was calculated to be 0.97 per 1000 central line days.
The total cost of the HHC program was 644 627.48 SAR, which included nurse visits, physician visits, disposables, and antibiotics. If the cost of the PICC of 1 500 SAR was included, the total cost increased to 839 627.48 SAR. The calculated in-patient cost was 1 368 750.68 SAR, which included bed cost, nursing cost, physicians visit cost, administration of antibiotics, and disposables. Most of the patients who required more than 14 days of in-hospital administration of antibiotics would have had either a PICC line or other central access. The cost of these lines and insertion fees was not included.
DISCUSSION
Home-based antibiotic treatment programs are increasingly used around the world. The increasing knowledge of their safety for the treatment of a large variety of infectious diseases has prompted the creation of reference therapeutic guidelines like those compiled by the American Society of Infectious Diseases. 12, 13 These programs have advantages that span all age groups: elderly patients benefit because these programs reduce the incidence of many adverse events resulting from conventional hospitalization, including delirium and functional worsening, and young patients benefit by having more freedom through resuming a normal lifestyle. [14] [15] [16] [17] Despite worldwide implementation of programs of home IV antibiotic treatment, there are currently a limited number of non-private centers in Saudi Arabia that run these programs. There is an increasing demand for acute beds in the Saudi health care system, and this program is a safe and convenient alternative for admission to acute beds. This model of therapy provides a comfortable and acceptable alternative to in-hospital admission for Saudi patients. Only two patients refused to complete therapy (1.9%), one of whom was traveling outside of Riyadh. A high acceptance fot these programs has been reported in the literature. [7] [8] [9] [10] Overall, complications related to PICC lines oc- 
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Amphotericin B 1 curred only in 1.6/1000 catheter days, which is lower than some previous complication rates reported for similar programs in North America. 18 The rate of PICC line infection was 0.97 per 1000 central line days. There is no current National Nosocomial Infections Surveillance System (NNIS) benchmark for the PICC line infection rate. The NNIS rate for central line infection in general is 3.9 blood stream infections (BSIs)/1000 catheter days. 19, 20 Older studies have reported the use of a 5% vascular access site infection rate, 4 while in one more recent study, the PICC line infection rate ranged between 0.4 and 1.15 BSI/1000 catheter days. 18 Cephalosporins are the most frequently used antibiotics in our program. Other studies have also indicated a preference for using cephalosporins in similar programs. 19 However, the overall high rate of using broadspectrum medications such as meropenem and piperacillin-tazobactam is of concern. The higher prevalence of gram-negative organisms, including multi-resistant organisms, and the increasing isolation of ESBL in our organization, may be factors leading to a more frequent selection of broader spectrum antibiotics. The high rate of isolation of MRSA explains the high use of vancomycin in this studied population.
We consider the launching of this program to have been successful, with a low dropout rate, a low overall complication rate, and provision of a safe and cost-effective alternative to in-hospital management of similar cases. We believe that a wider use of similar programs should be considered among the health care sectors in Saudi Arabia. We hope that our positive experience will encourage health care planners to develop the infrastructure necessary for such programs across the country.
